a consortium of Alstom, Drax and BOC, Capture Power Limited, together with National Grid Carbon Limited (NGC), undertook a Front End Engineering and Design (FEED) study for the White Rose Carbon Capture and Storage Project (White Rose CCS project). NGC was responsible for CO 2 transportation and underground storage components of the project.
Between September 2013 and November 2015 a consortium of Alstom, Drax and BOC, Capture Power Limited, together with National Grid Carbon Limited (NGC), undertook a Front End Engineering and Design (FEED) study for the White Rose Carbon Capture and Storage Project (White Rose CCS project). NGC was responsible for CO 2 transportation and underground storage components of the project.
The White Rose CCS project was planned to involve construction of an oxy-fuel power plant equipped with full CCS technology adjacent to an existing power station at Drax in Yorkshire, England. It was planned to transport the captured CO 2 via a purpose-built pipeline for a distance of about 60 km to the Yorkshire coast at Barmston and then to a location approximately 75 km offshore. There, the CO 2 was planned to be injected into an underground "saline aquifer" type storage reservoir, the c.275 m thick Triassic Bunter Sandstone (Figure 1 ). The planned storage structure is a gentle anticline with a four way closure, the limbs dipping at 2 -7 degrees, with the top of the Bunter Sandstone lying at between 1025 m and 1416 m TVDSS. The Röt Clay is the primary seal and the overlying Röt Halite is the deepest secondary seal. The shallower overburden is also predominantly sealing in character, with the Storage Complex extending vertically to the top of the early Jurassic Lias formation (c. 60 -350 m TVDSS). Laterally the dimensions of the defined storage site are approximately 25 km x 9 km.
A thorough risk assessment of the planned CO 2 storage was undertaken, involving systematically: describing the storage system; identifying Features Events and Processes (FEPs) that operate within and upon the system; defining an "expected evolution scenario" to describe the expected future evolution of the system; "alternative evolution scenarios" to represent low-probability alternative evolutions / states of the system that depart from the "expected evolution scenario"; scenario analysis; integration of risk-relevant arguments; and development of a final risk statement. To build confidence that the considered FEPs and scenarios were complete, they were audited against Quintessa's on-line Generic CO 2 FEP Database (https://www.quintessa.org/co2fepdb/v2.0.0/PHP/frames.php). Analysis of the scenarios involved simple scoping calculations to explore the consequences of key processes. Interpretations of the outputs of these scoping calculations were supported by outputs from detailed reservoir simulations and geochemical models.
The analyses led to a range of qualitative and quantitative judgements regarding the safety and effectiveness of storage. These were integrated using decision trees to evaluate the strength of evidence for and against key judgements to explicitly represent and analyse the significance of remaining uncertainty. The assessment outputs were then summarized using a risk matrix.
The risk assessment provided a high level of confidence that long-term containment of the CO 2 planned to be stored will be achieved, and the system will evolve to long-term stability. Risks to human health or environmental receptors associated with loss of containment (in the unlikely event it occurs), displacement of brine and deformation are either low or very low.
